(pO 2 ‫051ف‬ mm Hg), whereas tissue pO 2 is ‫02-01ف‬ mm A remaining question is whether such redox-related acHg and even lower in exercising muscle (Gorczynski and tivity results from a change in the redox state of the Duling, 1978; Honig and Gayeski, 1993). We therefore system (i.e., from an oxidative stress) or whether "redox" considered the possibility that standard experimental is also a regulated mechanism for control-of-protein protocols in vitro have not accurately simulated the function (i.e., may serve as a redox signal) analogous physiological conditions in vivo. 
(pO 2 ‫051ف‬ mm Hg), whereas tissue pO 2 is ‫02-01ف‬ mm A remaining question is whether such redox-related acHg and even lower in exercising muscle (Gorczynski and tivity results from a change in the redox state of the Duling, 1978; Honig and Gayeski, 1993). We therefore system (i.e., from an oxidative stress) or whether "redox" considered the possibility that standard experimental is also a regulated mechanism for control-of-protein protocols in vitro have not accurately simulated the function (i.e., may serve as a redox signal) analogous physiological conditions in vivo. In particular, NO and to phosphorylation. S-nitrosylation has emerged as a O 2 preferentially partition in lipid bilayers, where their prototype redox-related signal. It is still the only redoxlocal concentrations and chemistry may be different related posttranslational modification that has been from solution phase (Liu et al., 1998 associated channel proteins (Meissner, 1994 ; FranziniBriefly, SR vesicles were probed with an excess of mBB, solubilized with detergent (CHAPS), and then fractionArmstrong and Protasi, 1997), SR vesicles were used exclusively in place of purified RyR1. We report that ated by sucrose density gradient centrifugation to isolate RyR1; the fluorescence intensity (thus thiol content) exposing RyR1 within native SR to ambient oxygen leads to oxidative changes in structure and function that are of each fraction was determined. A representative experiment is shown in Figure 1A . During the experiment, likely to be entirely artificial. Moreover, we find that the NO concentrations that are required to activate the matched SR preparations were probed with [ 3 H]ryanochannel in room air are exceedingly high and are not dine to identify the fraction most enriched with RyR1. physiologically attainable. In contrast, NO activates Fraction 7 consistently contained the channel with purity RyR1 very efficiently at physiological muscle pO 2 , with Ͼ95%, as determined by densitometry of Coomassie maximal effects seen at submicromolar NO concentrablue-stained polyacrylamide gradient gels ( Figure 1B ). tions. Oxygen sensitivity is conferred by 6-8 cysteines The number of thiols per RyR1 subunit was deter-(comprising the O 2 sensor) that maintain the RyR in a mined from the thiol content and the protein concentra-NO-responsive state. In this state, RyR1 is selectively tion of fraction 7 (n ϭ 3-4 preparations). Under pO 2 ‫01ف‬ S-nitrosylated at 1 of the 50 free cysteines/subunit. Modmm Hg, RyR1 has 35.4 Ϯ 0.4 (SEM) free thiols per RyR1 ulation of RyR1 activity by submicromolar NO is desubunit, whereas the thiol content of RyR1 was 29.1 Ϯ pendent on calmodulin. Remarkably, RyR1 purified from 0.5, or ‫6ف‬ fewer per subunit, when assays were carried skeletal muscle is endogenously S-nitrosylated. Our out in ambient O 2 tension ( 
Ca
2ϩ uptake studies and single-channel recordings (see below), and subjected to sucrose gradient centrifugation following their solubilization with CHAPS. Fraction 7 (by our conthen only at physiological pO 2 . The NO concentration which activates RyR1 at pO 2 of ‫01ف‬ mm Hg is comparavention), which contained RyR1 with Ͼ95% purity (Figure 1) , was injected into a NO/chemiluminescence deble to that which activates guanylate cyclase (Stone and Marletta, 1996).
tector to determine the amount of RyR1 S-nitrosothiol Figure 4B could also be not precluded by these observations.) Taken together ., 1991) . But whereas activity at low pO 2 has been viewed as a compensatory tension. The channel does not contain heme or transition metals or a flavin domain but is unusually rich in free or potentially adverse response to "hypoxia," it may be more appropriately viewed as physiological. cysteines. Exposure of native SR vesicles to ambient air resulted in oxidation of 6-8 free thiols per RyR1 subWe note that all studies previously performed with the RyR1 have been done at ambient pO 2 and thus with unit (or 24-32 per channel) that reverted to the reduced state upon lowering of the pO 2 into the physiological an oxidized form of the channel. Inasmuch as skeletal muscle is never exposed to such high pO 2 , this oxidized range ‫01ف(‬ mm Hg). Thus, pO 2 appears to be the main determinant of the redox status of 6-8 RyR1 thiols, which state of the channel is nonphysiological. Air exposure of RyR1 manifested as an increase in channel activity are thereby identified with an O 2 sensing function. Evidently, this thiol-based "O 2 sensor" is coupled to a redox ( Figure 2A ) and as a loss of responsiveness to physiological effectors (i.e., NO)-it has been common practice system within the SR (that provides the reducing equivalents for switching between "oxidized" and "reduced" to further subject air-exposed RyR1 to high concentrations of oxidants in order to simulate oxidative damage. states of the channel); it is also intimately linked to NO function; that is, only at physiological pO 2 is the channel Our data suggest that the standard RyR1 preparation may, in fact, be representative of channel behavior in responsive to physiological concentrations (submicromolar) of NO. Channel activation is the result of S-nitrosylaoxidative stresses such as muscle fatigue or reperfusion injury and more generally highlight the importance of tion of one cysteine. Thus, the redox state of the channel (i.e., its responsiveness) is set by O 2 tension, whereas studying redox-based cellular functions under redox conditions (e.g., pO 2 ) that closely mimic the physiologiredox regulation of the channel is mediated by NO. 
